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The phenolic compounds content and antioxidant activity of pomace from the viniﬁcation of grape vari-
eties widely produced in Brazil (Cabernet Sauvignon, Merlot, Bordeaux and Isabel) were investigated with
a view to their exploitation as a potential source of natural antioxidants. Cabernet Sauvignon grape pom-
ace was found to have the highest content of total phenolic compounds (74.75 mg gallic acid equivalent
(GAE)/g), the highest antioxidant activity (determined using the 2,20-azino-bis(3-ethylbenzothiazoline-6-
sulfonate) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging methods; 485.42
and 505.52 lMol Trolox equivalent antioxidant capacity (TEAC)/g, respectively), and the highest reducing
power (determined using the FRAP method; 249.46 lMol TEAC/g). The Bordeaux variety showed the
highest oxidation inhibition power (41.13%), determined using the b-carotene/linoleic acid method and
the highest content of total anthocyanins (HPLC; 29.17 mg/g). Catechin was the most abundant non-
anthocyanic compound identiﬁed in the grape pomace (150.16 mg/100 g) for all varieties. In this study,
pomaces of the red wine viniﬁcation of Cabernet Sauvignon and Bordeaux varieties showed the highest
potential as a source of antioxidant compounds and natural colourants, respectively.
 2011 Elsevier Ltd. Open access under the Elsevier OA license. 1. Introduction
Themain classes of natural antioxidant compounds in nature are
ﬂavonoids and phenolic acids in free or complexed forms. These
compounds have been identiﬁed and quantiﬁed in several fruits
and vegetables, and show a high correlation with antioxidant activ-
ity (Einbond, Reynertson, Luo, Basile, & Kennelly, 2004; Soares,
2002). Grapes and wine contain high amounts of phenolic com-
pounds,mainly ﬂavonoids.Most phenolic compounds found inwine
can act as antioxidants (Yildirim, Akçay, Güvenç, Altindisli, &
Sözmen, 2005). Likewise, residues of wine production are also
characterised by high contents of phenolic compounds due to an
incomplete extraction during wine production. According to
Shrikhande (2000), grape extracts consist of anthocyanins from the
skin and procyanidins from the seeds.
By-products obtained after wine production, such as the seeds
or pomace, constitute a cheap source for extraction of antioxidant
ﬂavonoids, which can be used as food supplements or in the pro-
duction of phytochemicals (González-Paramás, Esteban-Ruano,: +55 4837219943.
. Rockenbach).
sevier OA license. Santos-Buelga, Pascual-Teresa, & Rivas-Gonzalo, 2004). Further-
more, anthocyanins are considered as potential substitutes for syn-
thetic colourants owing to their bright, attractive colour and water
solubility, which make them attractive for incorporation into a
variety of food systems (Bordignon-Luiz, Gauche, Gris, & Falcão,
2007).
Synthetic phenolic antioxidants such as BHT (buthylated
hydroxytoluene), BHA (buthylated hydroxyanisole) and TBHQ
(tert-butylhydroxyquinone) effectively inhibit lipidoxidation.How-
ever, concern from consumers regarding such additives has moti-
vated investigations into the beneﬁts of natural antioxidants as
substitutes for synthetic ones (Formanek et al., 2001).
Most of the pomace formed from the Brazilian wine production,
near 59.4 million kg of pomace considering 18 kg pomace/100 L
wine, is treated as a residue with low proﬁt uses such as in animal
feed and manure. Therefore, the use of this residue as a valuable
winery by-product may represent signiﬁcant economic gains and
prevent or decrease environmental problems caused by grape
pomace accumulation (Campos, Leimann, Pedrosa, & Ferreira,
2008). In this context, the aim of this study was to assess the phe-
nolic compounds content and the in vitro antioxidant activity of
red grape pomaces resulting from the Brazilian wine production,
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antioxidants.2. Materials and methods
2.1. Chemicals
2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonate) (ABTS), 2,2-
diphenyl-1-picrylhydrazyl (DPPH), b-carotene, linoleic acid, BHT
(2,6-di-tert-butyl-4-methylphenol), Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid), catechin, epicatechin,
gallic acid, quercetin, kaempferol, t-resveratrol and rutin were pur-
chased from Sigma–Aldrich Chemie (Steinheim, Germany). Malvi-
din-3-glucoside was purchased from Polyphenols Laboratories AS
(Sandnes, Norway). Folin–Ciocalteau reagent, 2,4,6-Tris(2-pyri-
dyl)-1,3,5-triazine (TPTZ) and Tween 40 were purchased from Flu-
ka Chemie AG (Buchs, Switzerland). The solvents employed for
extraction and HPLC procedures were analytical/HPLC grade and
purchased from Merck (São Paulo, Brazil).2.2. Samples
Red grape pomaces from the following varieties were analysed:
Cabernet Sauvignon and Merlot (Vitis vinifera L.), Bordeaux and
Isabel (Vitis labrusca L.), all widely grown in Brazil for wine produc-
tion. Samples of each variety harvested in 2008 were supplied by
different wineries (A, B and C) located in Videira, Santa Catarina
state, Brazil. Five samples of Cabernet Sauvignon and ﬁve samples
of Merlot were collected at winery A, ﬁve samples of Bordeaux
were collected at winery B and ﬁve samples of Isabel were col-
lected at winery C. Videira has a wet temperate climate, with
well-deﬁned seasons and mean temperatures of 35 C in summer
and 0 C in winter. The red wine viniﬁcation technique was con-
ducted with daily pumping and contact of the skins and seeds with
the juice for 6 days, after which the must was pressed and the
pomace samples collected. The general properties of the pomaces
were maintained during transportation to the laboratory by keep-
ing them in isothermal boxes containing ice. Once in laboratory,
the pomace samples were lyophilised and stored at 37 C before
analysis.2.3. Preparation of extracts
After powdering in liquid nitrogen, samples (1 g) were ex-
tracted with 50 mL of acidiﬁed (0.1% HCl) methanol in Turrax
equipment (Metabo, Nurthigen-Germany) for 1 h (4  15 min)
in an ice bath (4 C) and under penumbra conditions. The homog-
enate was ﬁltered through Whatman No. 1 ﬁlter papers and ana-
lysed for total phenolic compounds content, and total monomeric
anthocyanins contents, as well as for antioxidant activity. The
extraction yield was determined as dry weight after dying in an
oven at 105 C until constant weight. To determine the individual
phenolic compounds by HPLC, the ﬁltered extracts were evapo-
rated under vacuum at 40 C in a rotatory evaporator and made
up to 10 mL with ultrapure water. An aliquot of 5 mL of the extract
was added to a 1 g polyamide SC6 column (Macherey–Nagel
Gmbh and Co., Düren, Germany) preconditioned with methanol
(20 mL) and water (60 mL). The column was washed with water
(20 mL) and further eluted with methanol (50 mL) to elute the
neutral ﬂavonoids, and with methanol/ammonia (99.5:0.5) to elute
the acidic ﬂavonoids. These fractions were evaporated to dryness
under pressure at 40 C, redissolved in methanol (1 mL), ﬁltered
through 0.22 lm PTFE (polytetraﬂuoroethylene) ﬁlters (Millipore
Ltd., Bedford, MA) and analysed by HPLC.2.4. Total phenolic compounds content
The total phenolic content of each extract was determined spec-
trophotometrically (Hewlett–Packard 8452 A Spectrophotometer)
according to the Folin–Ciocalteau method (Singleton & Rossi,
1965). Absorbance was read at 765 nm and results were expressed,
in dry weight (dw) of pomace, as mg/g gallic acid equivalent (GAE).
2.5. Total anthocyanins content
Total anthocyanins content was determined by the pH-differen-
tial method (Giusti & Wrolstad, 2001). Absorbance was read at 520
and 700 nm. Results were expressed (on a dw basis) as concentra-
tion of monomeric pigments (mg/g) of malvidin-3-glucoside
equivalent (molar extinction coefﬁcient of 28.000 L/cm/mol and
molecular weight of 463.3 g/mol).
2.6. HPLC analysis
Identiﬁcation and quantiﬁcation of phenolic compounds were
carried out according to Arabbi, Genovese, and Lajolo (2004) using
analytical reversed-phase HPLC in a Hewlett–Packard 1100 system
with an auto-sampler and quaternary pump coupled to a diode ar-
ray detector. The column used was a 250  4.6 mm (id), 5 lm
Prodigy ODS3 reversed phase silica column (Phenomenex Ltd.,
Torrance, CA) and the elution solvents were: A, water:tetrahydro-
furan:triﬂuoroacetic acid (98:2:0.1) and B, methanol:tetrahydrofu-
ran:triﬂuoroacetic acid (98:2:0.1). The solvent gradient used was
17% B for 2 min increasing to 25% B after 5 min, to 35% B after a fur-
ther 8 min and to 50% B after a further 5 min. A column clean-up
stage was applied by increasing B to 90% after a further 5 min
and ﬁnally re-equilibration was carried out for 20 min at 17% B.
Eluates were monitored at 270, 328, 370, and 525 nm, and samples
were injected in duplicate. Calibration was performed by injecting
the standards three times at ﬁve different concentrations. Peak
identiﬁcation was performed by comparison of retention times
and diode array spectral characteristics with the standards and
the library spectra. A typical chromatogram of the standards is
shown in Fig. 1. Quantiﬁcation of quercetin and kaempferol deriv-
atives was performed using quercetin and kaempferol aglycones as
the standards, except in the case of rutin, for which the rutin
standard was used. The results were expressed as mg/100 g sample
dw.
2.7. Antioxidant activity – ABTS method
The ABTS method was performed as described by Re et al.
(1999). Absorbance was read at 734 nm, 7 min after adding the ex-
tract. Total antioxidant activity of the pomace (on a dw basis) was
expressed in lMol/g of TEAC (Trolox equivalent antioxidant
capacity).
2.8. Antioxidant activity – DPPH method
The DPPH method was carried out as described by Brand-
Williams, Cuvelier, and Berset (1995). The decrease in the
absorbance of 100 lM DPPH radicals (2.9 mL) dissolved in 80%
methanol was evaluated at 515 nm, 30 min after of addition of
each extract. Total antioxidant activity of pomace (on a dw basis)
was also expressed in lMol/g of TEAC.
2.9. Reducing Power – FRAP method
As described by Benzie and Strain (1996), the FRAP method is
based on the direct measurement of antioxidant (reducing) ability
through the reduction of the complex Fe3+/tripyridyltriazine (TPTZ)
Fig. 1. Chromatograms of (A) standard mixture containing gallic acid, catechin,
epicatechin, t-resveratrol, rutin, quercetin and kaempferol; and (B) extract of Merlot
(Vitis vinifera L.) grape pomace (processed at 270 nm).
Fig. 2. Soluble solids extraction yields from grape pomace (mean ± conﬁdence
interval, P < 0.05).
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reducing power was expressed (on a dw basis) in lMol/g of TEAC.
2.10. Oxidation inhibition power – Co-oxidation of b-carotene/linoleic
acid method
The oxidation inhibition power was evaluated by decolouring of
the b-carotene/linoleic acid system as described by Marco (1968).
The mechanism of b-carotene bleaching is a free-radical-mediated
phenomenon resulting from the presence of hydroperoxides
formed from linoleic acid. b-Carotene, in this model system, under-
goes rapid decolouration in the absence of an antioxidant. The lin-
oleic acid free radical, formed upon the abstraction of a hydrogen
atom from one of its diallylic methylene groups, attacks the highly
unsaturated b-carotene molecules. As b-carotene molecules lose
their double bonds by oxidation, the compound loses its chromo-
phore and characteristic orange colour, which can be monitored
spectrophotometrically at 470 nm.
2.11. Statistical analysis
Data were subjected to ANOVA and Tukey tests (Statistica 7.0
software) at a 0.05 level of signiﬁcance. Five samples (n = 5) of each
variety were analysed, all assays being carried out in triplicate.3. Results and discussion
3.1. Soluble solids extraction yield, total phenolics and total
monomeric anthocyanins
The soluble solids extraction yields obtained from the grape
pomace samples are given in Fig. 2. The Cabernet Sauvignon ex-
tract had a higher content of soluble solids (25.2 g/100 g). Signiﬁ-
cant differences (P < 0.05) between the Merlot and Bordeaux
varieties were not observed.
There were signiﬁcant differences (P < 0.05) between the total
content of phenolic compounds in the extracts of the varieties ana-
lysed (Table 1). This is to be expected since the phenolic concentra-
tion in grapes is dependent on the type of viniﬁcation process as
well as the genetic, environmental and cultural characteristics
(Doshi, Adsule, & Banerjee, 2006). The Cabernet Sauvignon extract
had a higher total phenolic content, being around twice the con-
tent observed in the Isabel extract. The Cabernet Sauvignon also
had a higher total phenolic compounds content than Pinot Noir
(73.66 mg/g) and Regente (49.73 mg/g), also produced in Brazil
and evaluated in a previous study (Rockenbach, Silva, Rodrigues,
Gonzaga, & Fett, 2007).
Sánchez-Alonso, Jiménez-Escrig, Saura-Calixto, and Borderías
(2008) evaluated the total polyphenol content extracted from die-
tary ﬁbre obtained from grape pomace of the Airén variety (pro-
duced in Spain) and obtained a value of 78.5 mg/g. This content
is higher than those observed in the present study, with only a
small difference for Cabernet Sauvignon. Bozan, Tosun, and Özcan
(2008) found 103.7 and 105.7 mg/g of total phenolic contents in
grape seeds from Cabernet Sauvignon and Merlot, respectively. In
another study, Yemis, Bakkalbasi, and Artik (2008), on evaluating
seeds from grapes cultivated in Turkey, found mean values for total
phenolics of 49.31 mg/g for ﬁve white grape varieties and 50.41 for
seven red grape varieties (on a dw basis). These grape seed con-
tents are higher than those found in Merlot and Isabel pomaces,
but do not reach the phenolic content of Cabernet Sauvignon and
Bordeaux pomaces. Thus, the whole fractions of grape pomace, as
well as seeds, can be considered important sources of polyphenols
and, depending on the end use, separation of fractions in prelimin-
ary steps are not always necessary.
Table 1 also gives the total monomeric anthocyanins contents of
the extracts evaluated by the pH-differential method. Signiﬁcant
differences (P < 0.05) were observed among extracts and, in con-
trast to the total phenolic content, the pomace of the Bordeaux
variety had a higher content of anthocyanins (11.22 mg/g), being
six times higher than that of the Isabel variety (1.84 mg/g).
Pastrana-Bonilla, Akoh, Sellappan, and Krewer (2003) evaluated
Table 1
Total Phenolics (TP), Total Monomeric Anthocyanins (TMA), Antioxidant Activity (ABTS and DPPH) and Reducing Power (FRAP) of extracts of red grape pomace (Vitis vinifera L. and
Vitis labrusca L.).
Variety TPa (mg/g) TMAb (mg/g) ABTSc (lMol/g) DPPHc (lMol/g) FRAPc (lMol/g)
Cabernet sauvignon 74.75 ± 2.22 a 7.02 ± 0.32 b 485.42 ± 3.72 a 505.52 ± 4.62 a 249.46 ± 1.92 a
Merlot 46.23 ± 1.63 c 3.94 ± 0.14 c 318.16 ± 1.90 c 328.39 ± 3.15 c 169.19 ± 0.62 c
Bordeaux 63.31 ± 2.40 b 11.22 ± 0.50 a 355.06 ± 2.35 b 361.12 ± 2.89 b 208.43 ± 2.20 b
Isabel 32.62 ± 0.68 d 1.84 ± 0.06 d 193.36 ± 2.14 d 188.02 ± 2.50 d 117.79 ± 1.33 d
Values are expressed in dw of grape pomace and as mean ± standard deviation (n = 5). Different letters in the same column indicate signiﬁcant difference (P < 0.05).
a Expressed as GAE (gallic acid equivalent).
b Expressed as equivalent in malvidin-3-glucoside.
c Expressed as TEAC (Trolox equivalent antioxidant capacity).
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reported values ranging from 4.85 to 10.86 mg/g in ﬁve different
purple muscadine grapes grown in southern Georgia. Considering
grape pomace as a source for extracting natural colourants like
anthocyanins, the Bordeaux pomace has a greater potential than
the other varieties evaluated in this study.
3.2. Individual phenolic compounds
Samples were also analysed by HPLC to identify individual phe-
nolic compounds (Fig. 1). Anthocyanins, ﬂavonol derivatives (quer-
cetin and kaempferol), catechin and epicatechin monomeric
ﬂavanols, t-resveratrol and gallic acid were detected and quantiﬁed
(Table 2).
The data obtained showed differences in the concentration of
total anthocyanins for the different varieties, as expected. The val-
ues, which ranged from 496.61 to 2917.50 mg/100 g, were 2.1 to
2.7 times greater than those obtained using the pH-differential
method described above. This trend has been observed before
(Lee, Rennaker, & Wrolstad, 2008), where samples were analysed
with the same methods used in this study (pH-differential method
and HPLC). As reported by Lee et al. (2008), reversed-phase HPLC
coupled with photodiode array detection is the technique which
has been most widely used for the identiﬁcation and quantiﬁcation
of anthocyanins. However, HPLC can result in an underestimation
of the amount of anthocyanin present in samples that contain dif-
ferent anthocyanidin glycosides when using one standard for
quantiﬁcation. Another study, which evaluated anthocyanins and
ﬂavonols in grape pomace of different varieties produced in Italy
(Ruberto et al., 2007) using HPLC–UV–DAD and HPLC–MS–ESI,
found values of total anthocyanins ranging from 375 to 4527 mg/
100 g.
Regarding the ﬂavonols quantiﬁed in the grape pomace ex-
tracts, the highest concentrations of rutin, other quercetin deriva-
tives and kaempferol derivatives were observed for the Merlot
variety (56.65, 41.43 and 15.09 mg/100 g, respectively). The mono-
meric ﬂavanol catechin was the most abundant non-anthocyanic
compound identiﬁed in the grape pomace, reaching a value of
150.16 mg/100 g. In general, as described by other authorsTable 2
Phenolic compounds in extracts of red grape (Vitis vinifera L. and Vitis labrusca L.) pomace
Varieties Cabernet sauvignon
Anthocyaninsa 1684.11 ± 22.76 b
Quercetin derivatives (except rutin) 13.98 ± 0.66 c
Rutin 25.47 ± 0.84 b
Kaempferol derivatives nd
Catechin 150.16 ± 0.91 a
Epicatechin 18.24 ± 0.12 c
t-Resveratrol 4.02 ± 0.39 b
Gallic acid 4.59 ± 0.03 d
Values, in mg/100 g dw, are expressed as means ± SD (n = 5). Means in the same line fo
a Expressed as malvidin-3-glucoside equivalent.(Montealegre, Peces, Vozmediano, Gascueña, & Romero, 2006),
the phenolic content in the case of grape seeds consists almost
exclusively of ﬂavan-3-ols such as catechin, which may explain
the signiﬁcant amounts noted herein. It is worth highlighting that
some other phenolic compounds, not quantiﬁed due to the lack of
standards, were present in the grape pomace, probably mostly pro-
anthocyanidins, commonly present as oligomers and polymers of
polyhydroxy ﬂavan-3-ols such as (+)-catechin and ()-epicatechin,
and many in the form of gallate esters or glycosides (Brannan,
2008).
The presence of t-resveratrol, chemically known as trans-3,5,4´-
trihydroxy-trans-stilbene, was expected. It is a phytoalexin and has
been identiﬁed in more than 70 plant species including grapes,
peanuts, fruits, red wine and mulberries. However, grape skin is
a particularly good source of resveratrol as the fresh skin contains
around 50–100 lg/g, while in red wine concentrations range from
1.5 to 3.0 mg/L (Baliga & Katiyar, 2006). It was possible to detect
the presence of resveratrol in the pomace from three of the four
grape varieties evaluated, with the highest value (6.40 mg/100 g)
being observed for Merlot. Studies have shown that resveratrol is
a potent antimutagenic, antioxidant, anti-inﬂammatory, and anti-
proliferative agent, as well as an inhibitor of cyclooxygenase and
hydroperoxidase in diverse experimental systems (Aziz, Kumar, &
Ahmad, 2003; Jang et al., 1997).
Gallic acid, a non-ﬂavonoid phenolic acid quantiﬁed in all the
samples of grape pomace, was present in highest concentration
(18.68 mg/100 g) in the Bordeaux variety. The range of values coin-
cides with those reported by other authors (Montealegre et al.,
2006; Yilmaz & Toledo, 2004).
3.3. Antioxidant activity and reducing power
Concerning the study of antioxidant effectiveness, the use of
different in vitro models has recently been recommended, due to
the differences between the various free radical-scavenging assay
systems (Ruberto et al., 2007). Thus, the determination of the anti-
oxidant activity of the extracts was carried out using the ABTS and
DPPH methods and reducing power through the FRAP method
(Table 1). The Cabernet Sauvignon variety had greater antioxidant.
Merlot Bordeaux Isabel
827.49 ± 9.98 c 2917.50 ± 64.03 a 496.61 ± 5.89 d
56.65 ± 0.22 a 9.18 ± 1.24 d 25.72 ± 0.35 b
41.43 ± 0.67 a 12.00 ± 0.10 c 26.39 ± 2.57 b
15.09 ± 0.12 a nd 11.41 ± 0.51 b
122.29 ± 1.18 b 111.61 ± 1.79 c 94.28 ± 0.08 d
25.97 ± 0.57 b nd 44.36 ± 0.14 a
6.40 ± 0.20 a nd 1.18 ± 0.08 c
9.08 ± 0.04 c 18.68 ± 0.08 a 17.49 ± 0.02 b
llowed by different letters are signiﬁcantly different (P < 0.05). nd = not detected.
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Fig. 3. Oxidation inhibition power of grape pomace extracts and BHT at 100 mg/L in
b-carotene/linoleic acid system. C = Cabernet Sauvignon; M = merlot; B = bordeaux;
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ods, respectively) and reducing power (249.46 lMol TEAC/g by
FRAP method) than the other varieties evaluated. Signiﬁcant differ-
ences were observed (P < 0.05) among the varieties. In a previous
study on red grape pomaces from Regente and Pinot Noir varieties
(Rockenbach et al., 2007), mean values of 419 and 477 lMol
TEAC/g were obtained using the ABTS method and 479 and
480 lMol TEAC/g through the DPPH method, respectively. In com-
parison, Pérez-Jiménez et al. (2008) reported antioxidant activity
values lower than these (124.4 lMol TEAC/g by ABTS method)
for red grapes produced in Manzanares, Spain. However, the value
for reducing power was higher (273.9 lMol TEAC/g using the FRAP
method) than those found in the present study. This may be due to
the redox potentials of the individual phenolic compounds and
their structural properties, such as hydroxylation level and exten-
sion of conjugations (Pulido, Bravo, & Saura-Calixto, 2000). In the
study by Sánchez-Alonso et al. (2008) cited above, dietetic ﬁbre ob-
tained from grape pomace of the Airén variety showed an antiox-
idant activity of 284 lMol TEAC/g using the ABTS method, a
value lower than that found for most varieties evaluated herein.
3.4. Oxidation inhibition power
Besides showing good antioxidant activity and signiﬁcant
reducing power, grape pomace extracts also have a moderate
capacity to inhibit the oxidation of the b-carotene/linoleic acid sys-
tem (Fig. 3). In this study the b-carotene decolouring mechanism
was evaluated in a system mediated by free radicals formed from
linoleic acid. The presence of extracts with antioxidant activity
can inhibit partially the loss of b-carotene colour through neutral-
isation of free radicals formed in the system, the % of oxidation
inhibition being dose-dependent.
The order of oxidation inhibition power observed for the grape
pomaces analysed was as follows: Bordeaux > Cabernet Sauvi-
gnon > Merlot > Isabel, with values of 41.13%, 35.56%, 34.38% and
21.46%, respectively. The results obtained in this study indicate
that the potential of grape pomace extracts to inhibit oxidative
processes in emulsiﬁed systems should be exploited. The Bordeaux
variety, with the highest anthocyanins content, also had the great-
est oxidation inhibition power in this system, indicating the high
capacity of these compounds to scavenge free radicals liberated
during linoleic acid oxidation.
4. Conclusions
The results obtained in this study showed signiﬁcant differ-
ences among the varieties in relation to the phenolic content.
The Cabernet Sauvignon and Bordeaux varieties were richest intotal phenolics and total anthocyanins, respectively. Catechin was
the most abundant non-anthocyanic compound identiﬁed in grape
pomace. The antioxidant activity of extracts obtained from grape
pomace showed that of the varieties studied the Cabernet Sauvi-
gnon variety has the greatest potential as a source of compounds
to be applied as natural antioxidants in food. Inhibition of oxida-
tion in the b-carotene/linoleic acid system seems to be enhanced
by the increase in anthocyanins content.Acknowledgements
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